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FRPSOHWHO\PLVVLQJ 7KH FOHDUDQFH RI WKHVH VWUXFWXUHV GRHV QRW FRUUHVSRQG WR WKH SUHVHQW UHTXHVW RI WKH1DWLRQDO
6WDQGDUG 0DQ\ PHPEHUV DUH GDPDJHG GXH WR WKH LPSDFW ZLWK YHKLFOHV ,W LV LPSRUWDQW WR XQGHUOLQH D FHUWDLQ
LQDSSURSULDWHWHQGHQF\RIWKHDGPLQLVWUDWLRQWRUHSODFHFRPSOHWHO\WKHVHVWUXFWXUHV

D E

)LJ7UDLDQ%ULGJHDJHQHUDOYLHZEVHFWLRQYLHZ
0DQ\RIWKHVHVWUXFWXUHVDUHVLWXDWHGLQWKHZHVWHUQSDUWRI5RPDQLDEHLQJPDQXIDFWXUHGDWWKH%ULGJH)DFWRU\
LQ 5HVFKLW] 5H܈L܊D  6W(* .DLVHUOLFKH XQG .|QLJOLFKH 3ULYLOHJLHUWH gVWHUUHLFKLVFKH 6WDDWVHLVHQEDKQ
*HVHOOVFKDIW6RPHRIWKHPZLOOEHSUHVHQWHGLQWKHIROORZLQJ
7KHKLVWRULFDOUHSUHVHQWDWLYHFDQWLOHYHUWUXVVJLUGHUEULGJHLQWKHWRZQRI$UDG)LJHUHFWHGLVD
UHIHUHQFHZRUNIRUWKDWSHULRGDQGDV\PEROIRUWKHORFDOFRPPXQLW\
7KHEULGJHLVDFDQWLOHYHUWURXJKWUXVVJLUGHUZLWKWKUHHVSDQV/  P)LJWKH
ZLGWKRIWKHFDUULDJHZD\LVP7KHGLVWDQFHEHWZHHQWKHPDLQWUXVVJLUGHUD[LVLVPDQGWKHIRRWSDWKRQWKH
ODWHUDOFDQWLOHYHULVP7KHVWUXFWXUHZDVUHKDELOLWDWHGLQDQGQRZLVXQGHUQRUPDOWUDIILF

 
)LJ7KHÄ7UDLDQ´%ULGJH±6FKHPDWLFYLHZ
7KHEULGJHLQ6ăYkU܈LQRYHUWKH0XUH܈5LYHURQWKHORFDOKLJKZD\'-$LVDUHPDUNDEOHVWUXFWXUHZLWKIRXU
VSDQV[P)LJWKDWKDVEHHQVXFFHVVIXOO\UHKDELOLWDWHGLQ7KH(XURSHDQ3UL]HIRU5HKDELOLWDWLRQRI
EULGJHVZDVDZDUGHGLQWRWKHGHVLJQHUVRIWKHVWUXFWXUHUHIXUELVKPHQW)LJ>@
7KHUHKDELOLWDWLRQZRUNVLQFOXGHGDOOWKHHOHPHQWVRIWKHVWUXFWXUHGLUHFWDQGLQGLUHFWVWUHQJWKHQLQJZDVXVHG

 
 )LJ%ULGJHLQ6ăYkU܈LQ±VFKHPDWLFYLHZ
 
 )LJ7KH%ULGJHLQ6ăYkU܈LQDIWHUUHKDELOLWDWLRQ±JHQHUDOYLHZ
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7KHEULGJHLQWKHFLW\RI&kPSHQL)LJDFDUULHVRXWWKHFRQQHFWLRQEHWZHHQWKHWZRSDUWVRIWKHWRZQ)LJ
E


ED

)LJ%ULGJHLQ&kPSHQLDVFKHPDWLFYLHZEJHQHUDOYLHZ
7KLV EULGJH LV D VLPSOH VXSSRUWHG SDUDEROLF V\PPHWULF WUXVV JLUGHU 7KH VWUXFWXUH FRQVLVWV ZKROO\ RI ULYHWHG
HOHPHQWV/3URILOHV)ODW6WHHO3ODWHV7KHEULGJHKDVRQHVSDQRIPSDQHOV[P7KHZLGWKEHWZHHQ
WKHWUXVVJLUGHUD[HVLVP,QSUHVHQWWKHEULGJHLVLQDVDWLVIDFWRU\WHFKQLFDOFRQGLWLRQ
,QWKHIROORZLQJWZRUHSUHVHQWDWLYHVQRWUHKDELOLWDWHGEULGJHVEXLOWLQWKHVDPHSHULRGDUHSUHVHQWHG
WKH³,URQ%ULGJH´LQ/LSRYDLQSUHVHQWXVHGRQO\DVDSHGHVWULDQEULGJH
WKHEULGJHLQ,OLDXVHGHYHQQRZZLWKRXWDQ\UHVWULFWLRQ
7HFKQLFDOFRQGLWLRQRIWKHWZREULGJHV
7KHEULGJH IURP/LSRYD )LJD HUHFWHGDURXQG± LV VLWXDWHG LQ WKHPLGGOHRI WKHFLW\EHLQJDGLUHFW
FRQQHFWLRQWRWKH2OG&DWKROLF0RQDVWHU\³6I0DULD´5DGQDHUHFWHGLQWKFHQWXU\E\WKH)UDQFLVFDQPRQNV


ED

)LJD3RG/LSRYD±HPSODFHPHQWSODQE³WKH,URQ%ULGJH´±/LSRYD±JHQHUDOYLHZ
7KHEULGJHVHUYHGIRUPDQ\\HDUVDVPDLQFRQQHFWLRQRQWKH1DWLRQDO5RDGIURP'HYD'1 WR7LPL܈RDUD
)LJE
7KLVVWUXFWXUHKDVWKUHHVSDQV/ PHDFKDQGDWRWDOOHQJWKRIP)LJ7KHZLGWKRIWKHFDUULDJHZD\LV
PDQGWKHGLVWDQFHEHWZHHQWKHPDLQJLUGHUVD[LVLVP7KHKHLJKWRIWKHPLGGOHSRVWLVK PK/§
7KHH[LVWHQWIORRULVFRQVWLWXWHGRIVWULQJHUVDQGFURVVJLUGHUVZKLFKDUHVLPSOHVXSSRUWHGHOHPHQWV7KHROG
FODVVLFDOOD\HUVFRQVLVWLQJRI=RUUHVHOHPHQWVILOOHGZLWKEDOODVWZHUHUHSODFHGLQWKH¶E\DUHLQIRUFHGFRQFUHWH
GHFNZLWKRXWFRPSRVLWHDFWLRQZLWKDWKLFNQHVVRIDSSUR[LPDWHO\P


 )LJ7KH%ULGJHLQ/LSRYD±VFKHPDWLFYLHZ
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7KHSDUWLFXODULW\RIWKLVVWUXFWXUHFRQVLVWVLQWKHWKLUGLQWHUPHGLDWHFKRUGZKLFKJLYHVDUHPDUNDEOHDVSHFWDQG
UHGXFHVWKHEXFNOLQJOHQJWKRIWKHFRPSUHVVHGSRVWV
'XHWRWKHFRPSOHWHODFNRIPDLQWHQDQFHWKHEULGJHKDVPDQ\GHIHFWV
 &RUURVLRQ)LJD
 6HFWLRQHGDQGGHIRUPHGSRVWV)LJE
 'DPDJHGHOHPHQWVGXHWRWKHLPSDFWZLWKYHKLFOHV)LJF
 -DPPHGEHDULQJV)LJG
 2OGSLSHOLQHRXWRIVHUYLFHZLWKDQXQDHVWKHWLFDVSHFW)LJH

 a) b) 
d) e) 
c)

)LJ'HIHFWVRIWKH%ULGJHLQ/LSRYDDFRUURVLRQEGDPDJHGSRVWFVHFWLRQHGDQGGHIRUPHGSRVWGMDPPHGEHDULQJVHROGSLSHOLQH
RXWRIVHUYLFHZLWKXQDHVWKHWLFDVSHFWV
,Q  D QHZ EULGJH ZDV HUHFWHG LQ WKH QHLJKERUKRRG RI WKH ROG EULGJH &RQVHTXHQWO\ WKH VWUXFWXUH ZDV
WUDQVIRUPHGLQDSHGHVWULDQEULGJH7KHSURSRVDOLVWRWUDQVIRUPWKHEULGJHLQDQHPEOHPDWLFDOSODFHLQWKHROGFHQWHU
RIWKHWRZQ,QWKLVGLUHFWLRQWKHIROORZLQJRSHUDWLRQDUHSURSRVHG
FRPSOHWHO\UHPRYLQJRIWKHSDYHPHQW
VDQGEODVWLQJ
QHFHVVDU\UHSDLUV±RQWKHEDVHRIDSURMHFW
QHZIXQFWLRQ WRXULVWLF LQIRSRLQWKDSSHQLQJVVSRW7KHEULGJHFRQQHFWV WZRPDLQREMHFWLYHVWKHROGIRUWUHVVLQ
UHKDELOLWDWLRQDQGWKH)UDQFLVFDQ0RQDVWHU\DOVRLQUHKDELOLWDWLRQZLWKWKHROGFLW\FHQWHU
SDLQWLQJRIWKHVWUXFWXUH
7KHFLW\RI/LSRYDKDVQRGRFXPHQWDWLRQUHJDUGLQJWKHVWUXFWXUH
7KHVHFRQGDQDO\]HGVWUXFWXUHLVDEULGJHLQLOLD
,QWKHSDVWWKHEULGJHLQ,OLDFDUULHGRXWWKHFRQQHFWLRQEHWZHHQWKH1DWLRQDO5RDGV'1$DQG'1)RUDORQJ
SHULRGLWZDVWKHRQO\RSWLRQIRUFURVVLQJWKH0XUH܈5LYHURQWKH1DWLRQDO5RDG$UDG±'HYD)LJD


ED

)LJ7KH%ULGJHLQ,OLDDHPSODFHPHQWSODQEJHQHUDOYLHZ
7KHEULGJHDVWRQLVKHVWKURXJKLWVVOHQGHUQHVVDQGHOHJDQFHKDYLQJDPDUYHORXVLQWHJUDWLRQLQWKHVXUURXQGLQJV)LJE
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7KHVWUXFWXUHKDVWKUHHVSDQVRI/ PUHVXOWLQJDWRWDOOHQJWKRIP)LJ(DFKVSDQFRQVLVWVRI
XQHTXDOSDQHOV7KHPDUJLQDOSDQHOVKDYHDOHQJWKRIPDQGWKHUHVWRIWKHPDOHQJWKRIP7KHFRQVWLWXWLRQ
LV VLPLODU WR WKH SUHYLRXVEULGJH WKHPDLQ JLUGHUVEHLQJSDUDEROLF WUXVV JLUGHUV7KHZLGWK RI WKH FDUULDJHZD\ LV
PDQGWKHZLGWKRIWKHEULGJHEHWZHHQWKHPDLQJLUGHUD[HVLVP7KHKHLJKWRIWKHPLGGOHSRVWLVK P
K/§7KHH[LVWHQWIORRUEHDPVVWULQJHUVDQGFURVVJLUGHUVDUHVLPSOHVXSSRUWHGHOHPHQWV7KHGHFNFRQVLVWVRI
=RUUHVHOHPHQWVILOOHGZLWKEDOODVWVXSSRUWLQJDQDVSKDOWVXUIDFH


)LJ7KHEULGJHLQ,OLD±VFKHPDWLFYLHZ
7KH SDUWLFXODULW\ RI WKLV EULGJH FRQVLVWV LQ WKH FRPSOHPHQWDU\ VXEGLYLVLRQ V\VWHP FRQFHLYHG WR UHGXFH WKH
EXFNOLQJOHQJWKRIWKHFRPSUHVVHGXSSHUFKRUG)LJ


)LJ6\VWHPIRUUHGXFLQJWKHEXFNOLQJOHQJWKRIWKHXSSHUFKRUG
0RUHRUOHVVWKLVEULGJHIHDWXUHVWKHVDPHGHIHFWVDVWKH³,URQ%ULGJH´LQ/LSRYD$VLWLVPHQWLRQHGDERYHWKH
EULGJH LV EHLQJ XVHGZLWKRXW DQ\ OLPLWDWLRQV7KHUHIRUH WKHUH DUH VRPH VLGH HIIHFWV VXFK DV WKH VWURQJYLEUDWLRQV
DPSOLILHGDOVRE\WKHJURZWKRIWKHG\QDPLFHIIHFWGXHWRWKHGDPDJHGGHFN)LJD


ED

)LJD%ULGJHLQ,OLD-XO\EKHDY\ORUU\RQWKHEULGJHLQ,OLD$SULO
'XULQJVRPH UHSDLUZRUNVRI WKHQHZSDUDOOHOFRQFUHWHEULGJH WKH³OLJKW´ WUDIILFZDVGLYHUWHGRQ WKHROGVWHHO
EULGJH)LJE*HQHUDOO\WKHEHKDYLRXURIWKHIRXQGDWLRQVLVVDWLVIDFWRU\2QO\VRPHUHSDUDWLRQVDUHQHFHVVDU\
WRJHWKHUZLWKWKHUHJXODWLRQRIWKHULYHUEHG)LJD

ED

)LJDSLHUVRIWKHEULGJHLQ/LSRYDEWKHIRXQGDWLRQRIWKHEULGJH±QDWXUDOVWRQH±F\FORSHDQ
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6LPLODUWRRWKHUDOUHDG\LQYHVWLJDWHGVWUXFWXUHVWKHIRXQGDWLRQLVDGLUHFWRQH)LJE,WZDVH[HFXWHGLQGU\
FRQGLWLRQVDWDORZZDWHUOHYHO
0DWHULDOWHVWVKDYHQRWEHHQ\HWSHUIRUPHG$FFRUGLQJWRRXUH[SHULHQFHWKHVWHHOLVDPLOGRQH
6WUHVVFDOFXODWLRQ
7KH UHKDELOLWDWLRQ RI WKH EULGJHV LV D FRPSOH[ PDWWHU 7KH 5RPDQLDQ +LJKZD\ $GPLQLVWUDWLRQ DGRSWHG D
TXDOLWDWLYH YHULILFDWLRQ PHWKRGRORJ\ EDVHG RQ WKH DSSUHFLDWLRQ E\ WKH H[SHUWV RI WKH WHFKQLFDO FRQGLWLRQ RI WKH
VWUXFWXUH>@


)LJ0HWKRGRORJ\IRUWKHYHULILFDWLRQRIROGH[LVWLQJKLJKZD\EULGJHV>@
$FRPSOHWHYHULILFDWLRQLQFOXGHV
LQDILUVWVWHSWKHFDOFXOXVZLWKWUDGLWLRQDOPHWKRGV
LIWKHXVXDOFRQGLWLRQVDUHQRWIXOILOOHGDPRUHUHILQHGPHWKRGRORJ\PXVWEHDGRSWHG
PRGHOLQJWKHEULGJHDVDVSDFHVWUXFWXUHWKHFDOFXOXVFDQEHSHUIRUPHGXVLQJDVSHFLDOL]HGFRPSXWHUSURJUDP
GHWHUPLQDWLRQRIWKHUHPDLQLQJIDWLJXHOLIH
SURSRVDOVIRUVWUHQJWKHQLQJRULQH[WUHPHVLWXDWLRQVUHSODFHPHQW
,QVLWX WHVWVDUHXVHIXOEXWDUHYHU\H[SHQVLYH WKH\DUHUHFRPPHQGHGRQO\IRUFRPSOH[VWUXFWXUHVFRQWLQXRXV
JLUGHUVVNHZEULGJHVHWF
7KHUHFRPPHQGDWLRQRIWKHROG5RPDQLDQ6WDQGDUGVLVWRFDOFXODWHZLWKDQDOORZDEOHVWUHVVRI1PP>@
7KHEULGJHLQ/LSRYDZDVFDOFXODWHGIRUDXQLIRUPO\GLVWULEXWHGORDGRIN1PXVHGWRUHSUHVHQWFURZGORDGLQJ
DFFRUGLQJWRWKH(XURFRGH>@7KHVDPHROG5RPDQLDQ+LJKZD\6WDQGDUGFRQVLGHUVWKLVORDGLQJFDVHWREHLQWKH
UGJURXSRIORDGFRPELQDWLRQVWKDWPHDQVDQDOORZDEOHVWUHVVRI1PP
)RUEULGJHVLQDOLJQPHQWDVSDFHDQDO\VLVJLYHVVLPLODUUHVXOWVWRDSODQHDQDO\VLV7KHVWUXFWXUHZDVFDOFXODWHGLQ
D ILUVW VWHS DV D FODVVLFDO SODQH WUXVV JLUGHU XVLQJ LQIOXHQFH OLQHV 7KH UHVXOWV DUH UHSUHVHQWHG XQGHU WKH IRUP RI
ȕFRHIILFLHQW)LJ
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
ıDDOORZDEOHVWUHVV1PP,OLD1PP/LSRYD
ıJVWUHVVLQGXFHGE\WKHGHDGORDG
ıFVWUHVVLQGXFHGE\WKHFRQYR\
ȥ±G\QDPLFIDFWRU


)LJ9DOXHVRIȕ,OLD

)LJ9DOXHVRIȕ/LSRYD
,WFDQEHVHHQWKDWIRUWKHEULGJHLQ/LSRYDWKHVWUHVVHVLQVRPHHOHPHQWVDUHKLJKHUWKDQWKHDOORZDEOHRQHV7KH
FDXVHLVWKHFRQFUHWHGHFNZLWKK FPSURYLGHGLQWKHHDUO\¶GXULQJWKHVWUHQJWKHQLQJRIWKHVWUXFWXUH
)RUWKHDVVHVVPHQWRIWKHUHPDLQLQJVHUYLFHOLIHLWZDVSUDFWLFDOO\LPSRVVLEOHWRSHUIRUPDQDQDO\VLVEDVHGRQWKH
FODVVLFDOPHWKRGRIWKHGDPDJHDFFXPXODWLRQK\SRWKHVLV3DOPJUHQ±/DQJHU±0LQHU7KLVFDQEHH[SODLQHGE\WKH
IDFWWKDWLWLVYHU\GLIILFXOWWRUHFRJQL]HWKHVWUHVVKLVWRU\RIWKHVWUXFWXUH$SSUR[LPDWLRQVPDGHLQWKHHVWDEOLVKLQJ
RIWKHSDVWWUDIILFOHDGWRLUUHOHYDQWUHVXOWV)DWLJXHOLIHFDOFXODWLRQVEDVHGRQWKHFODVVLFDOPHWKRGVRPHWLPHVOHDGWR
WKH FRQFOXVLRQ WKDW WKHUH LV QR UHPDLQLQJ VHUYLFH OLIH DOWKRXJK WKHUH DUH QR FUDFNV REVHUYHG LQ WKH VWUXFWXUDO
HOHPHQWV
8VLQJDGLDJUDPJLYHQLQWKH6ZLVVUHJXODWLRQ>@ZHFDQDSSUHFLDWHWKHGDPDJHDFFXPXODWLRQIURPWKHSDVWIRU
WKHEULGJHLQ,OLDIRUWKHEULGJHLQ/LSRYDDQDVVHVVPHQWRIWKHUHPDLQLQJIDWLJXHOLIHLVQRWQHFHVVDU\DVLWZLOOEH
XVHGRQO\DVDSHGHVWULDQEULGJH,IZHFRQVLGHUWKDWWKHEULGJHLQ,OLDLVVLWXDWHGRQDIRUPHUQDWLRQDOKLJKZD\WKH
WUDIILFFRHIILFLHQW³Į´ZLOOEHGHWHUPLQHGXVLQJ>@
$FFRUGLQJWRWKH6ZLVVVWDQGDUGZLWKWKHUHODWLRQ
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4e fatσ α σΔ = Δ 
fatγ = 
α = WUDIILFFRHIILFLHQW
PD[ PLQσ σ σΔ = Δ − Δ VWUHVVUDQJH

)RU ULYHWHG VWUXFWXUHV WKH YDOXH RI σDW  1PP DGPLWWHG VWUHVV UDQJH LQ FDVH RI ULYHWHG HOHPHQWV FDQ EH
IRXQGLQWKHVDPHUHJXODWLRQV
)RUH[HPSOLILFDWLRQWKHYHULILFDWLRQRIWKHPRVWWHQVLRQHGDQGWKHPRVWFRPSUHVVHGHOHPHQWZLOOEHSUHVHQWHG
7DEOH7KHYHULILFDWLRQRIWKHPRVWWHQVLRQHG
7KHPDLQJLUGHUXSSHUFKRUGPDUJLQDOSDQHO
±FRPSUHVVHGHOHPHQW
7KHILQDOGLDJRQDOWHQVLRQHGHOHPHQW
1PPσΔ =  1PPσΔ = 
 QDWLRQDO KLJKZD\α =   QDWLRQDO KLJKZD\α = 
  1PPcσΔ = × = 
  1PPcσΔ = × = 
  1PP< =    1PP< = 

%\WDNLQJLQWRFRQVLGHUDWLRQDOOLQYHVWLJDWHGFDVHVLWKDVEHHQFRQFOXGHGWKDWDFFXPXODWHGGDPDJHLQWKHFDVHRI
WKLVVWUXFWXUHLVVDWLVIDFWRU\LQFRQFOXVLRQWKHEULGJHFDQEHVWUHQJWKHQ
&RQFOXVLRQV
7KHSDSHUJLYHVDQRYHUYLHZRIWKHDVVHVVPHQWPHWKRGRORJ\IRUROGVWHHOKLJKZD\EULGJHV
(YHU\FDVHPXVWEHVHSDUDWHO\FRQVLGHUHG
1HYHUWKHOHVVWKHUHKDELOLWDWLRQRIVXFKUHSUHVHQWDWLYHVWUXFWXUHLVRQHRIWKHPDLQWDVNVRIWKHEULGJHHQJLQHHUV
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